Volume 32, aumrber 2

FEBS LETTERS

Jume 1973

EXPRESSION OF COGPERATIVE OXYGEN BINDING AT SUBUNIT LEVEL
IN TARTHWORM ERYTHROCRUORIN

Melvyn M. DAVID and Ezra DANIEL
Depariment of Biochemisiry, TeiAvir Universivy, Tel-Aviv, Isracl

Received 28 Margh 1973
TR el

1. Iniroducition

Ery throcruorin is an oxygen-castying respirainry
pigment found in several species of invertebrates. 1t
possesses the same prosthetic croup as that found in
veriebrace hemoglobin. However, it can b distin.
guished from the latter by its very high molscular
weight, and by the fact that it iz found dissolved in
ihe blood fiuid and not localized in bicod cells. Eryth-
rocmeoTin from the earthworm, Lusbricus terresiris,
was studied by Svedbeig who deiermined for it a mo-
lecular weight of 2.73 million and a sedimeniation co-
efficient of 80.9 3 {1]. Oxygen binding of this €0 8
molecule has been shown to be cooperative by means
of direct oxygen titration mepsurements {2]. Dissocia-
tion at alkaline pH of erythzocruerin into particles of
abont 10 and 3.5 § was observed by nltracentrifugn-
tion {3}, and seen by eieciron microscopy [4]. Re-
cent interest has arisen as to the binding behavior of
the dissociated species. Wiechelman and Parkhursi |5]
on the basis of fast-kinetic smdies concluded that
slight, if any, cooperativity can be assoceiated with any
of the alkaline dissociated products. However, inher-
ent difficnlties in their measurements preclndad an wm-
equivocal correlation of kinetic and molecular weight
daia. In this communication we zeport on the oxygen
binding properties of the isolated 10 8 subunit in r2la-
tion 1o the undissociated 60 S parent molecule. Uur
PUTPOSE Was 10 answer more definitely the question of
whether cooperative binding extends to the 10 5 sub-
unit.
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Fig. §. Schlieren sedimentriion patiern of en throsmorin.
A) Undissoriated 60 8 oxyeryihrograorm, 0.8 M phosphale
buifer, pH = 5.8, & min after reaching maximum spesd of

52,600 rpm. B) 108 sabanit, 0.1 M phosphate buffer, pH =

%.8, 48 min after reacning maximoem speed of 56,000 rom.
bserved 20w D385 e
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Fig 2. Absorption spectra of 10 S subunut, 0.1 M phosphate,
pH = 6.8, in its oxyger ated state (—), and 11 its deoXygen-
ated state (----) following complete evacuation, and before
commencement of titeation,

2. Materials and methods

Erythrocruonn was prepared from locally-gathered
earthworms of the family Lumbricidae Extraction by
the method of Levin [4] yielded a preparation which
sedimented as a single, sharp boundary, with Sgo'w =
61.1 8 (fig 1A). Preparation of the 10 8 subunit was
carred out by ncubation of undissociated oxyzryth-
rocruornn for 24 hr in 0.1 M carbonate buffer, pH =
96 Following this the pH was lowered to neurality,
and 1solation of the 10 S subunit effected by passage
on a Sephadex G-150 column (2.7 X 60 cm) and elu-
tion by 0.1 M phosphaie buffer, pH = 6.8. Fractions
were concentrated by the method of ultrafiliration
usinig a Diaflo XM-50 filter, Material prepared n th,s
way sedimented as a single peak (fig. 1B). That the
10 S preparation was still in the oxygenated state was
concluded from spectral simitanty to the oxygenated
60 S molecule, Both exhibited a Soret band maximum
at 414 nm, as wel! as two lesser maxima at 540 and
576 nm (fig. 2). Oxygen binding curves were duter-
mined spectrophotometrically by titration of deony-
ery throcruorin with oxygen. The titration vessel [6]
consisted of a quartz cuvetie fused to an evacuation
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Fig. 3. Hull plot of the oxygen equilibrium of 60 S erythro-
cruonn, 0.1 M phosphate buffer, pH = 6.8, Temp. 26°. Con-
centration of protemn about ' mgmt. Oxygen half-saturation
pressure 15 6.6 mm Hg, n = 2 7, and free energy of interaction
18 2200 calorles

chambet, at whose end were attached two stopcocks,
one for evacuation and the other for introduction of
measvred amounts of ur mnto the chamber The ex-
tent of oxygenation was calculated from the spectral
changes at 5440, 560, and $76 nm,

3. Results and discussion

Oxygen titration results for the 60 and 10 § mole-
cules are presented in terms of their Hill plots (figs. 3
and 4). The slope of the curve n for a given value of
pO, gives the degree of cooperativity at the corre-
sponding saturation. Both the 50 and 10 $ species
show cooperative behavior as evidenced by values of
n greater than unity. The minimum free energy of in-
teraction is calculated according to Wyman [7] from
the perpendicular distance beiwsen asymptotes of
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Fig. 4. Hill plot of the oxygen cgoilibrium of 10 8 ery thro-
erugrin. Conditions as in §ig. 3. Oxygen hall-saturation pres
sre is 8.9 mm He, n = 2.7, and fiee encrgy of inieraction is
2300 calories.

unit slope drawn izngent to the curve at ¥ — Dand
»=>1. Comparison of the Hill coefficienis n and of
the interaction energies in figs. 3 and 4 show a close
similarity. The difference in the half-samration pres-
sures reflects 2 somewhat lowered oxygen affinity in
the case of the 10 5 subunit,

We then conclode that enoperative behavior Isex-
pressed in the 10 S subunit. The fact that the binding
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process in the assoc ated 60 5 moleende is very simitar
compared 1o that 0. the isolated 19 S subunits, im-
plies that these subunits when assemnbled in the larger
mojecnle bind independently of one znother, al-
though siill binding cooperatively. Subunit assembly
then appears to have littie effect on the functional
property of oxygen hinding. What reason could then
be given for the assembly of subunits in erythrocra-
orin? The assoclation of 10 5 subunits in the 60 5
molecule, while not influencing cooperativity, is of
Importance in that large subunit aggregates permii a
greater concendration of binding sites withowt an Inor-
dinate rise in osmolic pressure. Evidently, the associa-
tion of non-cooperative chains to form the 1D S sub-
unit, as in the case of alpha and beta chains in hrman
hemoglobin, must at some stage bring aboui cooper-
ativity. A1 what stage cooperativity beging in the as-
sembly of the 10 8 sebunit, and whether the 16 3 sub-
unit is the smallest cooperative unit remains to be seen.
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